Abstract: There is limited knowledge on the effect of barley silage (BS) with different ruminal in vitro neutral detergent fiber digestibility (ivNDFD) on dairy cow performance and chewing activity. The objective of this study was to assess the effects of BS varieties selected for varying rates of ivNDFD on lactation performance and chewing activity of high-yield dairy cows in comparison with a new corn silage (CS) hybrid. A 4 × 4 Latin square design was applied in this study with four mid-lactating multiparous Holstein cows. The cows were fed diets containing 49% barley-based concentrate and 51% forage (dry matter basis). The results show that cows fed CS produced more milk (P < 0.05) and had greater (P < 0.05) feed efficiency than cows fed BS. Cows fed BS with relatively higher ruminal ivNDFD did not show significant difference from the cows fed other BS varieties in milk yield and total chewing activity. The preliminary results indicated that a univariate approach with only one factor consideration (ivNDFD) might not be a satisfactory method for evaluating and ranking BS quality. However, a large-scale animal study with different stages of lactation (early, mid, late) is warranted to confirm this finding. This new corn forage hybrid may be an appropriate option as forage source for high-producing dairy cows in western Canada.
grande échelle avec différents stades de lactation (hâtive, mid à tardive) est justifiée pour confirmer ce résultat. Le nouveau fourrage de maïs hybride pourrait être une option appropriée comme source de fourrage pour les vaches laitières à grandes productions dans l'ouest du Canada. [Traduit par la Rédaction]
Introduction
It is important to provide high-producing dairy cows with satisfactory dietary nutrients to maintain their high levels of milk production and body maintenance (NRC 2001) . In western Canada, it is a challenge to produce forage crops due to the restricted growing season that limits the growth range of cropping alternatives (Bootsma and Brown 1995) . Barley silage is well suited for production in such growing season with relatively low heat requirement (Wallsten and Hatfield 2016) .
The single time point incubation for 30 h ruminal in vitro neutral detergent fiber digestibility (ivNDFD) analysis is widely used for evaluating and ranking forages (Oba and Allen 1999) . Selecting forages with increased ivNDFD has been reported to improve the lactation performance of dairy cattle. Oba and Allen (1999) found that a one percent unit increase in ivNDFD equated to 0.25 kg d −1 increase in 4% fat-corrected milk (FCM) yield and 0.17 kg d −1 increase in dry matter intake (DMI).
Several studies have confirmed the positive effect of feeding forage with increased ivNDFD on DMI and productivity of dairy cattle (Ferraretto and Shaver 2015) . Effects of forage ivNDFD on milk production have been extensively studied for corn silage (CS). The CS hybrids for increased ivNDFD have been developed and commercially available in the United States. However, knowledge on the effects of BS with different ivNDFD on dairy cattle performance is very limited (Oba and Allen 2011) . Previous research by Nair et al. (2016) showed differences in ruminal in vitro digestible fiber concentration among seven varieties of BS grown in western Canada. However, effects of barley with different ruminal in vitro digestible fiber concentration on the productivity of lactating dairy cows and chewing activities have not been studied for those varieties. The corn grown in the Canadian prairies is different from the corn hybrid varieties grown in warmer climates such as United States (Abeysekara et al. 2013a (Abeysekara et al. , 2013b ). These differences are attributed to some limitation during growing season (i.e., lower growing temperatures). Successful growth of corn in Canadian prairies depends on the availability of crop heat unit, and corn is considered more suitable to areas receiving a minimum of 2000-2100 crop heat units (McCartney et al. 2009 ). Recently, new hybrids were introduced in western Canada. These new hybrids require a lower crop heat unit. However, no lactation performance study was conducted on any of these corn varieties. To establish these hybrids as a forage crop, these must be compared against other conventional forage crops such as whole plant BS. The objective of this study was to assess the effects of different varieties of BS with varying ruminal ivNDFD on lactation performance and chewing activity of high-yield dairy cows in comparison with the CS. The hypothesis of this study was that forage with higher ruminal ivNDFD would improve lactation performance and enhance chewing activity.
Materials and Methods
All experimental procedures used in this study were approved by the University of Saskatchewan Animal Care Committee (UCACS Protocol No. 19910012) . All cows were housed at the Rayner Dairy Research and Teaching Facility, University of Saskatchewan, Saskatoon, SK, Canada, and cared for according to the guidelines of the Canadian Council on Animal Care (2009).
Preparation of silage
Three barley varieties were selected based on the screening study by Nair et al. (2016) from seven varieties of BS using 30 h ivNDFD as an approach for ranking silage varieties. The seven varieties (Conlon, CDC Copeland, CDC Cowboy, Falcon, Legacy, Metcalfe, and Xena) of BS were collected within 2 yr (2012 and 2013) . A total number of 80 samples was collected from different dairy and beef operations in Saskatchewan and Alberta. These barley varieties have shown some differences in 30 h ivNDFD (range = 26%-37%). The varieties with the higher and lower ivNDFD after 30 h of incubation were selected for beef, sheep, and dairy study in Saskatchewan and Alberta. This study reports dairy work. All barley varieties were of the two-row type. The ivNDFD of CDC Cowboy (Ardell Seeds, Vanscoy, SK, Canada), CDC Copeland (Wylie Farms Ltd., Biggar, SK, Canada), and Xena (Crop Production Services, Bow Island, AB, Canada) were 37%, 31%, and 28.8%, respectively.
One corn forage variety was selected in the current study (P7213R) based on the previous screening study done at University of Saskatchewan (Abeysekara et al. 2013a (Abeysekara et al. , 2013b . In the screening study, six corn forage varieties were selected: Pioneer P7443R, Pioneer P7213R, Pioneer P7535R (Pioneer Hi-Bred International Inc., Johnston, IA, USA), Hyland Baxxos RR, Hyland SR22, and Hyland SR06 (Hyland Seeds, Blenheim, ON, Canada). The results of the previous screening study showed Pioneer P7213R has high feeding value compared with other corn forage varieties (Abeysekara et al. 2013a (Abeysekara et al. , 2013b .
The three barley varieties with different digestible fiber concentrations were grown on the University of Saskatchewan Research Farm (latitude: 52.15°N, longitude: 106.61°W, and altitude: 491 m) in 2014 under dry land conditions under the same management conditions, to avoid the effect of environment on silage quality, particularly ivNDFD. Barley varieties were seeded on 20 May 2014, in 12 ha of nonirrigated land, and harvested on 31 July 2014, at the mid-dough growth stage. Consideration was taken to seed and harvest all barley varieties at the same maturity stage, to account for the environmental effect and growing duration period, although the optimum harvesting for those forages are different where CDC Cowboy is preferred to be harvested at late maturing while CDC Copeland and Xena are optimum at medium maturing as reported by Fedko (2015) . The dry matter (DM) yield for all barley forages averaged 7.8 Mg ha −1 . The cost of production for each barley forage variety was $28.6 per wet Mg. All barley varieties were cut at 10 cm above ground and chopped to 10 mm by a forage harvester. The chopped forages stored directly in a pile without using inoculation and covered with plastic for 40 d. Table 1 . Wet chemistry analyses were conducted commercially (Cumberland Valley Analytical Service, Inc., Maugansville, MD, USA). Samples from the barley and CS were taken, and frozen at −20°C until processing. On the day of processing, samples were thawed at 4°C. All samples were processed for measuring pH, lactate, ammonia, and volatile fatty acid (VFA) concentrations. For the ruminal in vitro study, the silage samples were collected and dried at 55°C for 48 h. These samples were a composite (4 kg of each) of 3 mo of sampling, collected during our lactation trial. The dried samples were ground to pass a 1 mm screen (Christy & Norris mill 8″ Lab mill, Christy Turner Ltd., Chemsford, UK).
Experimental cows and diets
Mid-lactating multiparous Holstein cows (n = 4; average BW = 703 ± 78 kg; days in milk = 101 ± 25; parities = 2.75 ± 0.83) were used in a 4 × 4 Latin square design. The cows were housed indoors individually in tie-stalls at the Rayner Dairy Research and Teaching Facility, University of Saskatchewan, Saskatoon, SK, Canada. The cows were fed diets containing 49% barley-based concentrate and 51% forage (on DM basis). The forage consisted of 10% alfalfa hay and 41% whole-plant silages. The four wholeplant silages were CS (P7213R), CDC Cowboy BS, CDC Copeland BS, and Xena BS. The nutrient composition of the experimental forages is presented in Table 1 . For BS, the diets were formulated to be similar in ingredient composition to associate changes in cow performance and total chewing activity with change in barley forage variety. For CS, the diet was formulated to have similar crude protein (CP) level to BS-based diets. The 30 h ruminal ivNDFD of CS, CDC Cowboy, CDC Copeland, and Xena varieties were 32%, 39%, 38%, and 30%, respectively. The diets were formulated using the NDS Professional (Version 3, RUM&N -NDS Professional, Reggio Nell'Emilia, Emilia-Romagna, Italy) to supply adequate metabolizable energy and metabolizable protein for dairy cattle in 120 d in milk producing 42 kg of milk. Diets were offered as a total mixed ration (TMR) for ad libitum intake (approximately 5% orts on an as-fed basis) and refusals were removed and weighed before each morning feeding.
The experimental period lasted for 23 d with each experimental period comprising 2 d diet change-over period, 16 d adaptation period, and 5 d sampling period. During the change-over period, diets were gradually adjusted to the subsequent diet by feeding the dairy cows diet content 25% of new TMR + 75% of older TMR in the first day and 50% new TMR + 50% of older TMR in the second day. Cows were individually fed a TMR at 0900 and 1600 and milked three times daily at 0430, 1230, and 1900. Samples of silages and hay were collected weekly, and the DM content was used to adjust diets to maintain the specified forage to concentrate ratio.
Feed ingredient and orts samples were collected during the last 5 d of each period and pooled by cow and by period for chemical analysis. Representative samples of the offered TMR were taken during sampling period for particle size determination. Samples for particle size determination were sieved using the 2-screen (19 and 8 mm) Penn State Particle Separator (PSPS; Lammers et al. 1996) . The separated fractions were weighed and dried prior to calculation of physically effective neutral detergent fiber (peNDF) as described by Lammers et al. (1996) . The method of the calculation of peNDF consisted of the sum of particles retained on sieves of 19 and 8 mm of PSPS multiplied by the neutral detergent fiber (NDF) concentration of the diet. The amount of feed offered and refused was recorded in last 10 d of each period for feed intake determination.
Chewing activity (i.e., eating, ruminating) for cows was monitored over 24 h period on days 19 and 20 of each period using cameras with digital video recorder (QSEE, QC908 HD DVR, People's Republic of China). Each recording commenced before the morning feed. Observations were made at 5 min intervals for time spent eating, and ruminating as described by Mugerwa et al. (1973) .
The yield of milk was recorded at each milking during the last 10 d of each experimental period. Milk samples were collected in the last 3 d of each sampling period (21, 22, and 23 d), preserved with potassium dichromate, and tested at CanWest DHI (Edmonton, AB, Canada) for milk fat (%, fat yield), protein (%, protein yield), lactose (%, lactose yield), milk urea, and total solids (%). Somatic cell count was determined using a near infrared analyzer (Foss System 4000, Foss Electric, Hillerød, Denmark). Solids-not-fat was calculated as follow: protein + lactose + other solids factor, where, in Canada, other solids factor is taken as 0.9759% of milk. This comprises minerals plus components not measured by the near infrared analyzer. Minerals in milk are approximately 0.72%. Energycorrected milk (ECM) was calculated according to Bernard (1997) 
Cumulative gas production of silages Cumulative gas production of silages was measured in batch culture [mL g −1 organic matter (OM)] as described by Eun and Beauchemin (2007) . Approximately 0.5 g of sample (1 mm) was weighed in triplicate into acetonewashed filter bags (F57, Ankom Technology, Macedon, NY, USA). The bags were sealed and placed into 100 mL serum bottles. Two different rumen-cannulated Holstein cows were used and rumen fluids were collected 2 h after feeding from two rumen-cannulated Holstein cows. The ruminal in vitro experimental runs were also performed on two different days. The cows were fed a TMR twice daily at 0800 and 1600. The TMR feed (kg DM feed d −1 ) was formulated with 6.3 kg BS, 3.4 kg CS, 4.5 kg chopped alfalfa hay, and 13.8 kg barleybased concentrate to meet the National Research Council requirement for lactating dairy cows. Each serum bottle received 15 mL of strained ruminal fluid and 45 mL of McDougall's buffer, during which oxygenfree CO 2 was flushed. The bottles were capped with a 14 mm butyl rubber stopper and crimp sealed. Three blanks which contained 60 mL of medium without feed samples were used for each incubation time. Sealed bottles were incubated in an oscillating shaker at 39°C with an oscillation speed of 125 rev min -1 for 30 h. Headspace gas production was measured at 3, 6, 9, 12, 24, and 30 h by inserting a 23-gauge (0.6 mm) needle attached to a pressure transducer (Model PX4200-015GI; Omega Engineering, Inc., Laval, QC, Canada) connected to a visual display device (Data Track, Christchurch, UK) . Pressure values, corrected for the gas released from the blanks, were used to generate volume estimates using the equation described by Mauricio et al. (1999) .
Chemical analysis
All the dried forages, silages, and diet samples, were ground through a 1 mm screen (Retsch ZM-1, Brinkmann Instruments Canada Ltd., Mississauga, ON, Canada) for use in chemical analyses. Dry matter (method 930.15), ash (method 942.05), crude fat (method 2003.05), and CP (method 990.03) were analyzed according to AOAC (2000) . For estimation of CP, N was determined using a Leco FP 528 Nitrogen Combustion Analyzer (Leco, St. Joseph, MI, USA). The acid detergent fiber, NDF, and acid detergent lignin values were also analyzed according to Van Soest et al. (1991) method combined with an ANKOM A200 filter bag technique (ANKOM Technology Corp., Fairport, NY, USA). Amylase and sodium sulfite were used in the NDF analysis. For silage fermentation measures, the frozen samples were thawed overnight at 4°C and used for measuring pH, VFA, lactate, and ammonia concentrations according to Zahiroddini et al. (2004) and Chaves et al. (2011) . Concentration of VFA was quantified using a gas chromatograph (Model 5890, Hewlett-Packard Lab, Palo Alto, CA) with a capillary column (30 m × 0.32 mm i.d., 1 μm phase thickness, Zebron ZB-FAAP, Phenomenex, Torrance, CA, USA) and flame ionization detection, and crotonic acid (trans-2-butenoic acid) was used as the internal standard. Ammonia-N concentrations were measured according to the method described by Rhine et al. (1998) .
Statistical analysis
The least significant difference data were analyzed using Proc Mixed SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). Data for intake, milk production, and chewing activity were analyzed with the following model: Y ijk = μ + T i + P j + C k + e ijk , where Y ijk is an observation of the dependent variable; μ is an overall mean; T i is the fixed effect of the ith treatment; P j is the fixed effect of the jth period; C k is the random effect of the kth cow; and e ijk is the random error associated with the observation. The final variance and covariance structure model were selected based on Akaike's information criterion and Bayesian information criterion values in the variance and covariance structure assumption models testing results (Tempelman et al. 2001) .
The cumulative gas production and ruminal ivNDFD data were analyzed as randomized complete block design. The statistical model used to analyze these parameters was Y ijk = μ + T i + B j + e ijk , where Y ijk is an observation of the dependent variable; μ is the population mean for the variable; T i is the treatment effect, as a fixed effect; B j is the block effect of two ruminal in vitro runs with two fistulated dairy cows, as random effects; and e ijk is the random error associated with the observation. Results are reported as least squares means, compared using the Tukey's correction for multiple comparisons.
Significance was declared at P ≤ 0.05 and a trend at 0.05 < P < 0.10 unless otherwise stated. Comparison between the CS vs. average all BS-based diets was carried out using a SAS Contrast Procedure of SAS (SAS Institute Inc., Cary, NC, USA).
Results and Discussion
Chemical profile of the silage and cumulative gas production of silages Chemical characteristics of BS and CS are presented in Table 1 Table 2 . Accumulated gas production, and ruminal in vitro dry matter digestibility (ivDMD) and in vitro neutral detergent fiber digestibility (ivNDFD) of barley silage (BS) with varying digestible fiber concentration compared with corn silage (CS) determined by using fistulated dairy cows. silages, where CDC Cowboy BS had high NDF concentration, compared with other barley forages (55% vs. 50% DM). The fiber concentration for all barley varieties in the present study was greater than that reported by Nair et al. (2016) . The lower starch and higher NDF concentration for BS varieties in the present study may be attributed to effect of maturity and (or) environmental conditions that altered the chemical profile of the selected forages (Yu et al. 2004 ). In the present study, the DM yield of all barley forage varieties was lower than corn forage (7.8 vs. 16.7 Mg ha
Items

−1
). These results would suggest that new corn hybrids with low crop heat unit may produce high-quality forage to meet the nutrient requirements of high-producing dairy cattle. Further research is warranted to confirm this finding.
Ruminal in vitro gas production and ruminal ivNDFD of silages are presented in Table 2 . There were no differences between BS in gas production during 30 h Note: P7213R CS-TMR, P7213R corn silage-based TMR; Cowboy BS-TMR, CDC Cowboy barley silage-based TMR; Copeland BS-TMR, CDC Copeland barley silage-based TMR; Xena BS-TMR, Xena barley silage-based TMR; PI, processing index; DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fiber; ME, metabolizable energy; NE L , net energy lactation.
a Premix formulated to contain: 16% calcium, 6.5% phosphorus, 10.4% chloride, 6.3% sodium, 2% potassium, 0.4% sulfur, 1500 mg of magnesium, 675 mg of copper, 2500 mg of zinc, 1500 mg of manganese, 3000 mg of iron, 20 mg of selenium, 80 mg of iodine, 30 mg of cobalt, 330 000 IU of vitamin A, 60 000 IU of vitamin D, 1 000 IU of vitamin E.
b Particle size distribution of diets was measured using the Penn State Particle Separator; pefps-2s, physical effectiveness factor determined as the proportion of particles retained on two sieves (Lammers et al. 1996) ; peNDFps-2s, physically effective NDF determined as dietary NDF concentration multiplied by pefps-2. of incubations (P > 0.10). However, CS had higher cumulative gas production after 30 h of incubation than BS varieties (147 vs. 132 mL g −1 OM; P = 0.03). The average in vitro dry matter digestibility (ivDMD) in CS was greater than all BS varieties (60% vs. 57%; P = 0.02). The greater digestibility and gas production of CS are attributed to the large portion of nonstructural carbohydrates in CS compared with BS varieties. The difference in ensiling time between CS and BS may have some effect in ivDMD (Der Bedrosian et al. 2012) . The results showed CDC Cowboy BS had a high ruminal ivNDFD compared with Xena BS (39% vs. 29%; P = 0.02; Table 2 ). It has been reported that forage fiber digestibility could be influenced by many variables, such as stage of maturity (Yu et al. 2004) , soil type, climate conditions, and growing conditions (Chow et al. 2008 ).
To our opinion, the stage of maturity is the most important. A previous study also showed ruminal ivNDFD was higher in CDC Cowboy BS than Xena and CDC Copeland BS (Nair et al. 2016 ).
Feed intake
The results in the current study (Table 4) showed the cows fed CS-based diet tended to improve the DM and OM intakes (P < 0.10), compared with cows fed BS-based diets. These findings are in agreement with Benchaar et al. (2014) , where they found that replacing BS-based diet with CS-based diet is associated with increase in DMI in dairy cattle. The higher DM intake in CS could be attributed to the lower and higher NDF and starch concentrations, respectively, and therefore higher energy density in the CS-based diet than BS-based diets. The CS-based diets had a low peNDF compared with BS diets (9.7% vs. 15.8% DM; Table 3 ); the reduction in peNDF would in turn enhance the feed intake. Fischer et al. (1994) observed greater intakes of DMI when multiparous cows were fed short alfalfa silage, compared with long alfalfa silage.
Intakes of DM, OM, CP, and NDF were not affected by the BS-based diets (P > 0.10; Table 4 ). Feeding dairy cattle diets with high fiber concentrations is likely to limit feed Note: Means with different lowercase letters in the same row differ (P < 0.05). P7213R CS-TMR, P7213R corn silage-based total mixed ration (TMR); Cowboy BS-TMR, CDC Cowboy barley silage-based TMR; Copeland BS-TMR, CDC Copeland barley silage-based TMR; Xena BS-TMR, Xena barley silage-based TMR; SEM, standard error of mean; DM, dry matter; OM, organic matter; CP, crude protein; NDF, neutral detergent fiber; FCM, fat-corrected milk; ECM, energy-corrected milk; SNF, solids-not-fat; MUN, milk urea nitrogen; SCC, somatic cell count; DMI, dry matter intake.
intake by physical fill and ruminal distension. Oba and Allen (1999) found forages with higher ruminal ivNDFD could increase DM intake by 0.17 kg for every one-unit increase in ivNDFD. The lack of effect of Cowboy BS-TMR (CDC Cowboy barley silage-based TMR) with increased ruminal ivNDFD on DM intake in the present study is in agreement with previous shortterm studies on dairy cows fed BS-based TMR or CS-based TMR with higher ruminal ivNDFD (Weiss and Wyatt 2006; Chow et al. 2008; Holt et al. 2010 Holt et al. , 2013 Oba and Swift 2014) . Compared with the other two BS, CDC Cowboy BS had higher ivNDFD, but also higher NDF concentration too, so one could have cancelled the other. That may be the main reason why the lack of effect of Cowboy BS-TMR with increased ruminal ivNDFD on DM intake.
Milk production and composition
Cows fed CS had higher milk, FCM, ECM, protein, lactose, and solids-not-fat yields than cows fed BS [Cowboy BS-TMR, Copeland BS-TMR (CDC Copeland barley silagebased TMR), Xena BS-TMR (Xena barley silage-based TMR); P < 0.05; Table 4 ]. The cows fed a CS-based diet had improved feed efficiency compared with cows fed BS-based diets (1.57 vs. 1.37 ± 0.07 ECM/DMI; P = 0.03). The higher milk yield is attributed to the higher DM digestibility in CS, compared with cows fed BS-based diets. The difference in ensiling time between CS and BS might affect ivDMD and consequently might also affect milk production (e.g., milk, FCM, and ECM; Der Bedrosian et al. 2012) . In the present study, the CS-based diet had higher metabolizable energy (Table 3) than BS-based diets by 4.5%, thus the increase in milk yield and feed efficiency may have resulted from higher metabolizable energy concentration.
There was no difference among all forages in milk fat concentration. There was no effect of P7213R CS-TMR (P7213R corn silage-based TMR) on protein and milk urea N compositions compared with other diets. However, the cows fed P7213R CS-TMR produced more milk protein, compared with BS diets (1.17 vs. 1.03 kg d −1 ; P = 0.02). Benchaar et al. (2014) found replacing BS with CS increased the protein concentration and yield. They attributed these increases to higher N utilization by animals that fed CS-based diet compared with the cows that fed BS-based diets. There were no differences between all BS-based diets on milk yield or milk composition and feed efficiency (Table 4) . Oba and Allen (1999) found a one-unit increase in ruminal ivNDFD equated to 0.25 kg d −1 increase in 4% FCM yield. The lack effect of Cowboy BS-TMR on milk production or composition and feed efficiency are attributed to its limited effect on DM intake. Tine et al. (2001) observed brown midrib CS (bm3) with higher ruminal ivNDFD could provide greater energy concentration to dry cows at maintenance, due to the higher fiber digestibility, but this effect was alleviated when cows were fed bm3 CS during lactation. Those authors suggested any increases in milk production because of feeding bm3 CS should be driven by increasing DM intake. They also suggested most of additional metabolizable energy because of feeding bm3 CS diets was partitioned toward tissue energy gain but not milk energy. Oba and Allen (1999) concluded dairy cows took more Note: P7213R CS-TMR, P7213R corn silage-based total mixed ration (TMR); Cowboy BS-TMR, CDC Cowboy barley silage-based TMR; Copeland BS-TMR, CDC Copeland barley silage-based TMR; Xena BS-TMR, Xena barley silage-based TMR; SEM, standard error of mean; DM, dry matter; NDF, neutral detergent fiber.
advantage from the increased NDF digestibility of CS because it allowed them to consume more DMI that supported higher milk yield.
There was no effect of the BS-based diets on milk fat percentage or milk fat yield (P > 0.10). Milk fat percentage is primarily related to the supply of digestible carbohydrates concentration in the diets. The amount of forage, NDF concentration, and peNDF has been also reported to affect rumen microbiota and milk fat percentage (Santos 2002 ). In the current study, all BS have similar milk fat concentration because they have similar peNDF and NDF concentration.
Eating and ruminating
Time spent eating, ruminating, or total chewing activity, either expressed as min d −1 , min kg −1 DM, or min kg −1 NDF were not affected by feeding cows BS with increased ruminal ivNDFD ( Table 5 ). The effects of increased ruminal ivNDFD of forages on eating and ruminating time are not consistent in literature; higher ruminal ivNDFD of forages was revealed to influence positively (Zebeli et al. 2006) , negatively (Taylor and Allen 2005) , or not (Oba and Allen 2000) the chewing activities in dairy cattle. The lack effect of Cowboy BS-TMR with the higher ruminal in vitro digestible fiber concentration on chewing activity is attributed to its limited effect on the DM intake. In this study, P7213R CS-TMR had a lower level of peNDF (by 48%; Table 3 ) compared with the BS-based TMR. The mean time of ruminating tended to lower in P7213R CS-TMR compared with other diets (508 vs. 578 min d −1 ; P = 0.07). This reduction in ruminating time reflects the peNDF level in P7213R CS-TMR compared with other diets. Yang and Beauchemin (2006) observed that reducing peNDF by decreasing the chop length of BS from 9.5 to 4.8 mm did not affect DMI or time spent eating, but reduced time spent ruminating (by 80 min d
−1
).
Conclusion
This study showed that cows fed CS produced significantly more milk and had greater feed efficiency than cows fed BS. Cows fed BS with relatively higher ruminal ivNDFD did not show significant difference from the cows fed other BS varieties with lower ruminal ivNDFD in milk yield and total chewing activity.
The barley forage selected, based on its higher ruminal in vitro NDF digestibility did not correspond with a greater effect on lactation performance due to its limited effect on feed intake compared with other barley forage varieties. It is a challenge to select barley forage based on single time point NDF digestibility; the year-to-year effect could alter NDF and rumen fermentable NDF levels. It is necessary to breed new hybrids with higher fermentable NDF concentration that would tolerate any climatic condition. These results indicate feeding a CS-based diet increased energy density (less lignin and higher starch) in the rumen, compared with other BS-based diets.
